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The Hidden Charm Decay of X(3872), Y (3940) and Final State Interaction Effects
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We investigate whether the final state interaction (FSI) effect plays a significant role in the large
hidden charm decay width of X(3872) and Y(3940) using a model. Our numerical result suggests
(1) the FSI contribution to X(3872) → J/ψρ is tiny; (2) Γ[Y (3940) → DD¯∗ + h.c. → J/ψω] from
FSI is around several keV, far less than Belle’s experimental value 7 MeV.
PACS numbers: 13.30.Eg, 13.75.Lb, 14.40.Lb
I. INTRODUCTION
The underlying structure of X(3872) is still very con-
troversial. It was discovered by Belle collaboration [1]
and confirmed by Babar [2], CDF [3] and D0 [4] collabo-
rations. Recently, Belle collaboration reported a new de-
cay mode X(3872)→ D0D¯0π0 [5]. The mass of X(3872)
from various experiments reads [1, 2, 3, 4, 5]
M
X(3872)
=


3875± 0.7+1.2−2.0 MeV /c2 Belle
3871.8± 3.1± 3.0 MeV /c2 D0
3871.3± 0.7± 0.4 MeV /c2 CDF
3873.4± 1.4 MeV /c2 BaBar
3872.0± 0.6± 0.5 MeV /c2 Belle.
(1)
The available experimental information indicates JPC =
1++ for X(3872) [6]. Theoretical interpretations of
X(3872) include a charmonium state [7], a molecular
state [8], or the mixture of charmonium with molecular
state [9].
At present the observed decay modes of X(3872) in-
clude J/ψπ+π− [1], γJ/ψ [10], J/ψπ+π−π0 [10] and
D0D¯0π0 [5]. The dipion in J/ψπ+π− seems to originate
from ρ → π+π− because the peak of the dipion invari-
ant mass spectrum locates around 775 MeV. J/ψπ+π−π0
comes from the sub-threshold decay X(3872) → J/ψω
[10]. Meanwhile the ratio of B(X(3872)→ J/ψπ+π−π0)
to B(X(3872) → J/ψπ+π−) given by experiment is
1.0 ± 0.4(stat) ± 0.3(syst) [10]. Recently Belle ex-
periment indicated B(X(3872) → D0D¯0π0K+) =
9.4+3.6−4.3B(X(3872) → J/ψπ+π−K+) [5]. Based on the
above experimental data, one concludes (1) the D0D¯∗0
is the dominant decay of X(3872); (2) the isospin vi-
olating mode X(3872) → J/ψρ → J/ψπ+π− is not
suppressed, compared with the isospin conserving mode
X(3872)→ J/ψω → J/ψπ+π−π0.
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The Final State Interaction (FSI) effect sometimes
plays a crucial role in many processes [11]. In this work,
we study if the hidden charm decay J/ψρ(π+π−) mainly
arises from the FSI effect of X(3872) → D¯∗0D0 + h.c..
X(3872) decays to D0D¯∗0 + h.c. but not D+D∗− + h.c.
because D0 + D¯∗0 = 3871.3 MeV < M
X(3872)
and
D+ +D∗− = 3879.3 MeV > M
X(3872)
. Thus the isospin
violating process X(3872) → J/ψρ can occur via the
D¯∗0D0 + h.c. re-scattering effect.
This paper is organized as follows. We present the
formulation about X(3872)→ D0D¯∗0 + h.c. → J/ψρ in
Section II. Then we present our numerical results. The
last section is a short discussion.
II. FORMALISM
The Feynman diagrams for the X(3872) → J/ψρ
through D¯∗0D0 + h.c. re-scattering are depicted in Fig.
1.
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FIG. 1: The diagrams for X(3872) → D¯∗0D0 + h.c.→ J/ψρ.
2In Refs. [12, 13, 14], the effective Lagrangians, which
are relevant to the present calculation, are constructed
based on the chiral symmetry and heavy quark symme-
try:
L = gXXµ[D0D¯∗0µ − D¯0D∗0µ ]
+ig
J/ψDD
ψµ
(
∂µDD† −D∂µD†)
−g
J/ψD∗D
εµναβ∂µψν
(
∂αD∗βD† +D∂αD∗†β
)
−ig
J/ψD∗D∗
{
ψµ
(
∂µD∗νD∗†ν −D∗ν∂µD∗†ν
)
+(∂µψνD∗ν − ψν∂µD∗ν)D∗µ† +D∗µ
(
ψν∂µD∗†ν
−∂µψνD∗ν†
)}
+
{
− ig
DDV
D†i
↔
∂ µDj(Vµ)ij
−2f
D∗DV
εµναβ(∂
µ
V
ν)ij(D†i
↔
∂
α
D∗βj −D∗β†i
↔
∂
α
Dj)
+ig
D∗D∗V
D∗ν†i
↔
∂ µD∗jν(Vµ)ij
+4if
D∗D∗V
D∗†iµ(∂µVν − ∂νVµ)ijD∗jν
}
, (2)
where D and D∗ are the pseudoscalar and vector
heavy mesons respectively, i.e. D(∗)=((D¯0)(∗), (D−)(∗),
(D−s )
(∗)). The values of the coupling constants will be
given in the following section. V denotes the nonet vec-
tor meson matrices
V =


ρ0√
2
+ ω√
2
ρ+ K∗+
ρ− − ρ0√
2
+ ω√
2
K∗0
K∗− K¯∗0 φ

 . (3)
By the Cutkosky rule, the absorptive part of Fig. 1 (a)
which comes from the re-scattering process ofX(3872)→
D0(p1) + D¯
∗0(p2)→ J/ψ(p3) + ρ(p4) is written as
Abs(a) =
1
2
∫
d3p1
(2π)32E1
d3p2
(2π)32E2
×(2π)4δ4(mX − p1 − p2)[igXεξ]
×
[
− g
J/ψDD
i(p1 − q) · εJ/ψ
]
×
[
− 2√
2
i f
D∗DV
ǫµναβip
µ
4ε
ν
ρ(iq
α + ipα2 )
]
×
[
− gξβ + p
ξ
2p
β
2
m22
][
i
q2 −m2D
]
F2(mD, q2)
=
∫
dΩ
|p1|
32π2m
X
[
√
2gXgJ/ψDDfD∗DV ]
×[(2p1 − p3) · εJ/ψ]ǫµναβpµ4ενρ(pα3 + pα2 − pα1 )
×
[
− εβ + pβ2
p2 · ε
m22
]F2(mD, q2)
q2 −m2D
(4)
with q2 = m21 + m
2
3 − 2E1E3 + 2|p1||p3| cos θ, where
F2(mi, q2) etc denotes the form factors which compen-
sate the off-shell effects of mesons at the vertices and are
written as
F2(mi, q2) =
(
Λ2 −m2i
Λ2 − q2
)2
, (5)
where Λ is a phenomenological parameter. As q2 → 0
the form factor becomes a number. If Λ ≫ mi, it be-
comes unity. As q2 → ∞, the form factor approaches
to zero. As the distance becomes very small, the inner
structure would manifest itself and the whole picture of
hadron interaction is no longer valid. Hence the form
factor vanishes and plays a role to cut off the end effect.
The expression of Λ is [15]
Λ(mi) = mi + αΛQCD, (6)
wheremi denotes the mass of exchanged meson. ΛQCD =
220 MeV. α is a phenomenological parameter.
Similarly we obtain the absorptive contributions from
Fig. 1 (b)-(d) respectively.
Abs(b) =
1
2
∫
d3p1
(2π)32E1
d3p2
(2π)32E2
×(2π)4δ4(m
X
− p1 − p2)[igXεξ]
×
[
i g
J/ψDD∗
ǫµνκσε
µ
J/ψ(−i)pν1(−i)qσ
]
×
{
− gD∗D∗V√
2
i(q + p2) · ǫρgαβ
−4fD∗D∗V√
2
[
ip4βǫρα − iǫρβp4α
]}
×
[
− gκβ + p
κ
2p
β
2
m22
][
− gξα + q
ξqα
m2D∗
]
×
[
i
q2 −m2D∗
](
Λ2 −m2D∗
Λ2 − q2
)2
, (7)
Abs(c) =
1
2
∫
d3p1
(2π)32E1
d3p2
(2π)32E2
×(2π)4δ4(m
X
− p1 − p2)[igXεξ]
×
[
g
DDV√
2
i(q − p1) · ερ
]
×
[
ig
J/ψDD∗
ǫµναβε
µ
J/ψiq
ν(−i)pβ2
]
×
[
− gξα + p
ξ
2p
α
2
m22
][
i
q2 −m2D
](
Λ2 −m2D
Λ2 − q2
)2
,
(8)
Abs(d) =
1
2
∫
d3p1
(2π)32E1
d3p2
(2π)32E2
×(2π)4δ4(m
X
− p1 − p2)[igXεξ]
×
[
− 2√
2
if
D∗DV
ǫµναβip
µ
3ε
ν
ρi(q
α − pα1 )
]
×
{
− g
J/ψD∗D∗
[
iqκεσJ/ψ + ip
σ
2ε
κ
J/ψ
×+ i(p2 + q) · εJ/ψgκσ
]}[
− gξκ +
p2κp
ξ
2
m22
]
×
[
− gβσ +
qσq
β
m2D∗
][
i
q2 −m2D∗
](
Λ2 −m2D∗
Λ2 − q2
)2
.
(9)
3The contributions from Fig. 1 (e), (f), (g), (h) is the
same as that corresponding to Fig. 1 (a), (b), (c), (d)
respectively.
The total amplitude of X(3872)→ D0D¯∗0+D¯0D∗0 →
J/ψρ can be written as
M = 2[Abs(a) +Abs(b) +Abs(c) +Abs(d)],(10)
where the pre-factor ”2” comes from the consideration
that the contribution from D0D¯∗0 re-scattering is the
same as that from D¯0D∗0 re-scattering.
Because the ρ meson is a broad resonance with Γρ ∼
150 MeV, the decay width of X(3872) → D0D¯∗0 +
D¯0D∗0 → J/ψρ is written as
Γ =
∫ (M
X(3872)
−mJ/ψ)2
0
dsf(s,mρ,Γρ)
|k||M(mρ →
√
s)|2
24πM2
X(3872)
,
where the Breit-Wigner distribution function
f(s,mρ,Γρ) and the decay momentum |k| are
f(s,mρ,Γρ) =
1
pi
mρΓρ
(s−m2ρ)2+m2ρΓ2ρ ,
|k| =
q
[M2
X(3872)
−(√s+mJ/ψ)2][M2
X(3872)
−(√s−mJ/ψ)2]
2M
X(3872)
.
III. NUMERICAL RESULTS
The coupling constants related to our calculation in-
clude [15]:
g
DDV
= g
D∗D∗V
=
βg
V√
2
, f
D∗DV
=
f
D∗D∗V
m
D∗
=
λg
V√
2
,
gV =
m
ρ
fpi
,
where fpi = 132 MeV, gV , β and λ are parameters in
the effective chiral Lagrangian that describes the inter-
action of heavy mesons with the low-momentum light
vector mesons [14]. Following Ref. [16], we take g = 0.59,
β = 0.9 and λ = 0.56. Based on the vector meson domi-
nance model and using J/ψ’s leptonic width, the authors
of Ref. [17] determined g2
J/ψDD
/(4π) = 5. As a conse-
quence of the spin symmetry in the heavy quark effective
field theory, g
J/ψDD∗
and g
J/ψD∗D∗
satisfy the relations:
g
J/ψDD∗
= g
J/ψDD
/m
D
and g
J/ψD∗D∗
= g
J/ψDD
[18].
By fitting the upper limit of the total width ofX(3872)
(2.3 MeV), one obtains the coupling constant gX in Eq.
(2)
gX =


2.2 GeV, for M
X(3872)
= 3875.0 MeV,
2.5 GeV, for M
X(3872)
= 3873.4 MeV,
3.1 GeV, for M
X(3872)
= 3872.0 MeV,
where we approximately take D¯∗0D0 as the dominant de-
cay mode of X(3872) considering the experimental result
[5]: B(X(3872)→ D0D¯0π0K+) = 9.4+3.6−4.3B(X(3872)→
J/ψπ+π−K+).
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FIG. 2: The dependence of decay width of X(3872) →
D0D¯∗0 + h.c.→ J/ψρ on α.
The value of α in the form factor usually is of order
unity [15]. In this work we take the range of α = 0.5 ∼ 3.
The dependence of the branching ratio of X(3872) →
D0D¯∗0 → J/ψρ on α is presented in Fig. 2.
In Table I, we list the typical values of the branching
ratio of X(3872)→ D0D¯∗0 + h.c.→ J/ψρ when we take
several masses of X(3872) from various experiments and
different α.
❳
❳
❳
❳
❳
❳
❳
❳❳
Mass (MeV)
α
0.5 1.0 1.5 2.0 2.5 3.0
3872.0 [1] 2.1× 10−7 2.0 × 10−6 6.6× 10−6 1.4× 10−5 2.4× 10−5 3.6× 10−5
3873.4 [2] 3.2× 10−7 3.2 × 10−6 1.0× 10−5 2.2× 10−5 3.7× 10−5 5.6× 10−5
3875.0 [5] 4.2× 10−7 4.1 × 10−6 1.3× 10−5 2.9× 10−5 4.9× 10−5 7.2× 10−5
TABLE I: The typical values of branching ratio of X(3872) → D0D¯∗0 + h.c.→ J/ψρ for different values of MX(3872) and α.
IV. DISCUSSION
Understanding the large J/ψρ decay width of X(3872)
may help reveal the nature of X(3872). In this work, we
study if the large branching ratio of X(3872) → J/ψρ
40.5 1.0 1.5 2.0 2.5 3.0
0
2
4
6
8
10
12
14
16
 
 (k
eV
)
 Y(3940)     DD*     J/
FIG. 3: The dependence of the decay width of Y (3940) →
DD¯∗ → J/ψω on α.
can be explained by the X(3872) → D0D¯0∗ + h.c. re-
scattering effect. The numerical results indicate that
B(X(3872) → D0D¯0∗ + h.c. → J/ψρ) is about 10−5 ∼
10−7. Thus the large isospin violating X(3872)→ J/ψρ
decay width can hardly be attributed to the FSI effect
of X(3872) → D0D¯0∗ + h.c.. The suppression from the
phase space of X(3872)→ D0D¯0∗ +h.c. is huge because
the experimental values of X(3872) mass is only barely
above the J/ψ + ρ or D∗0 +D0 threshold, although the
re-scattering effect is obvious.
The reliable dynamical calculation of the hidden charm
decay width has been a challenging theoretical issue for
decades. In Ref. [19], the explicit J/ψρ component is
introduced into the X(3872) wave function in order to
explain the large J/ψππ decay width of X(3872). In Ref.
[20], QCD multipole expansion technique was used to cal-
culate hadronic transitions such as ψ(2S)→ J/ψππ and
Υ(ns)→ Υ(1s)ππ. If the main component of X(3872) is
cc¯ [9, 21], the large X(3872)→ J/ψππ decay might also
be understood with this approach.
Last year, Belle reported a new charmonium state
Y (3940) in the channel B → J/ψωK and obtained
B(B → Y (3940) + K) · B(Y (3940) → ωJ/ψ) = (7.1 ±
1.3±3.1)×10−5. Its mass and width are 3946±11(stat)±
13(syst) MeV and 87± 22(stat)± 26(syst) MeV [22] re-
spectively. In particular, Γ[Y (3940)→ J/ψω] > 7 MeV.
Godfrey suggested Y (3940) as the χ′c1 state with quan-
tum number 23P1 [23] and indicated that Y (3940) →
J/ψω might come from the FSI effect of Y (3940) →
DD¯∗ + h.c.. In Fig. 3, we present the dependence of
the width of Y (3940) → DD¯∗ + h.c. → J/ψω on α[24],
where one takes DD¯∗ as the dominant decay mode of
Y (3940) as suggested in Ref. [23]. The order of magni-
tude of Γ[Y (3940)→ DD¯∗+h.c.→ J/ψω] is keV, which
is far less than Belle’s data. Clearly more experimental
information on Y (3940) will be very helpful.
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